Objectives: We prospectively evaluated safety and efficacy from our six-year results of general anesthesia (GA) using remifentanil conscious sedation in carotid endarterectomy (CEA). Methods: From January 2005 to December 2010, 625 consecutive CEAs were performed on 545 patients (male/female 336/209, age 75±7 years). After a superficial plexus block with ropavacaine, GA was induced with an intravenous infusion of propofol, using local lidocaine during tracheal intubation and a high-dose of remifentanil, in all cases reducing and then stopping the remifentanil infusion at the clamping time so that the patient would be awake and collaborating within a few minutes, as in local anesthesia. Data on postoperative morbidity and mortality, neurological complications, shunt insertions and the responses to one-day and three-month questionnaires on satisfaction were collected for all patients. Results: The 30-day mortality was 0.32% (two patients). Only one major stroke (0.16%) and two minor strokes (0.32%) occurred. A shunt was deployed in 83 cases (13.3%). Eight patients (1.28%) reported cranial nerve injuries, and surgical drainage for postoperative hematoma was performed in 11 patients (1.8%). Thirty-one patients (4.6%) suffered postoperative nausea/vomiting. Almost all patients were satisfied at the 24-h (94.6%) and three-month (>98%) follow-up questionnaire.
Introduction
Although the role of carotid endarterectomy (CEA) in stroke prevention is well-established [1] [2] [3] [4] , some controversial issues still remain over the best anesthetic management during the procedure. Local anesthesia (LA) has the advantage that the patient is awake and collaborating, with the opportunity for direct neurological monitoring. In several non-randomized studies, the technique also seems to be associated with lower morbidity and mortality compared to general anesthesia (GA) [5, 6] .
By contrast, GA has the advantages of more stable hemodynamics, better airway control and cerebral protection to the clamping with no cerebral perfusion modification. GA using remifentanil, with preserved consciousness and the patient alert and collaborating, represents a third valid option that combines the advantages of both GA and LA, leading to safe neurological monitoring, good airway control, hemodynamic stability and selective shunt deployment with good early and long-term surgical results.
The aim of the current study was to demonstrate the effectiveness and safety of CEA performed using GA with orotracheal intubation under remifentanil with the patients awake and quickly able to move their eyes and contralateral arm to request, squeezing a rubber toy to indicate function [7] .
Methods
In this prospective study, which ran from January 2005 to December 2010, 625 consecutive CEAs were performed on 545 patients (male/female 336/209, mean patient age 75±7 years, range 50-87 years). Hypertension was present in 443 (81.3%) patients. A total of 302 (55.4%) presented with previous ischemic symptoms, and 54 (10.1%) had contralateral carotid occlusion (the patients' data and co-morbidities are outlined in Table 1) . A selective shunt policy (Pruitt-Inahara 9 Fr; Le Maitre Vascular, Burlington, MA, USA) was followed, and a shunt was deployed in 83 cases (13.3%). Standard CEA with Dacron patch angioplasty (Maquet Cardiovascular, Datascope, La Ciotat, France) was the preferred technique (n=541, 86.5%).
Patients with kinking or coiling of the internal carotid artery (ICA) underwent eversion techniques (n=84, 13.4%); only three were the primary closure (0.5%), and five ICAcommon carotid artery polytetrafluoroethylene (W.L. Gore and Associates, Newark, Delaware, USA) bypasses were performed in specific situations of re-do surgery (n=2), removal of carotid stenting (n=2) and irradiated neck (n=1, overall 0.8%). The clamping time was 26±17 min.
Indications for CEA were at least 70% stenosis of the ICA in asymptomatic patients, following the European Society of Vascular Surgery guidelines [8] and in cases with plaque instability or contralateral hemodynamic stenosis/occlusion, and 50% or more for patients with a history of neurological events in the six months previous to the color-coded ultrasound (US) examinations (Vivid 7 Pro, General Electric, Fairfield, Connecticut, USA). The US criteria most frequently used were represented by evaluating the relationship between the values of peak systolic velocity (PSV) at the level of the stenosis and of the common carotid artery (ICA:CCA PSV ratio), which appears to provide the most accurate determination of stenosis >70%, and the enddiastolic velocity in the ICA [9, 10] .
Computed tomographic angiography scanning and magnetic resonance imaging was performed in 238 (43.4%) and 136 (24%) patients, respectively. This included cases requiring further investigation (extension of plaque, calcification not allowing a definitive diagnosis, tandem injury suspicion, confirmation of carotid occlusion) and patients that came to us with these examinations already carried out.
During the preoperative evaluation, all patients were carefully informed about the details of the anesthetic and surgical technique. They were warned that they would be awake, that they would be collaborating with the surgical team and that they would need to make movements at the surgeon's request. A questionnaire on the patient's satisfaction with the anesthetic procedure (fear, anxiety, pain, weakness and/or panic) was completed the day after surgery; three months later, during follow-up, the patients were interviewed to ascertain their satisfaction with this method of operation should they need to undergo a further intervention.
Anesthetic protocol
The anesthetic protocol is outlined in Table 2 . A superficial plexus block was performed with 25±5 ml ropivacaine 7.5% along the posterior border of sternocleidomastoid muscle. Anesthetic management was carried out by induction using an intravenous infusion of propofol 1% 1.5 or 2 mg/kg with a transmucosal topical application of 10 ml lidocaine 2% during tracheal intubation. After intubation, a continuous intravenous remifentanil infusion of 0.12-0.25 μg/kg/min (Ultiva; Glaxo-Wellcome Inc, Research Triangle Park, NC, USA) was started. The patient was mechanically ventilated using the intermittent positive pressure ventilation modality, with a tidal volume of 8-12 ml/kg and a respiratory rate of 11±2/min on a 40/60% oxygen/air mixture. Before clamping, the dose of intravenous remifentanil was slowly reduced until the patient started to awake and be able to collaborate.
Neurological status was tested by squeezing a foam rubber toy and by opening and closing of the eyes. The remifentanil was regulated to obtain a good motor evaluation avoiding pain and discomfort. After clamping, the squeeze test was repeated every 15-30 s for 2 min. If the patient showed intolerance to the carotid clamping by a slowing or cessation of movement of the contralateral hand, a lack Table 2 . Anesthetic protocol Ropivacaine 7.5% 25±5 ml for superficial cervical block Intravenous propofol 1% 1.5 or 2 mg/kg Lidocaine 2% 10 ml transmucosally during tracheal intubation Continuous intravenous remifentanil infusion 0.12-0.25 μg/kg/min Ventilation using the intermittent positive-pressure modality (tidal volume 8-12 ml/kg, respiratory rate 11±2/min, oxygen/air 40/60% mixture) Intravenous remifentanil was reduced until the patient was awake and able to collaborate pre-clamping Neurological status monitoring by squeezing a foam-rubber toy and opening and closing the eyes Intravenous remifentanil regulation to obtain a good motor evaluation avoiding pain and discomfort Squeeze test repeated every 15-30 s for 2 min 9-Fr Pruitt-Inahara shunt in cases of intolerance Carotid bulb infiltration with 2-3 ml 1% Xylocaine to avoid sinus bradycardia reflex Check for recovery of consciousness Intravenous remifentanil cessation at end of procedure, and the endotracheal tube removal comfortable feelings were reported during the operation, with no pain, fear, panic or anxiety in cases of shunt deployment (Table 5) . Similarly, all surgeons were satisfied that the surgical procedure had taken place in a calm and relaxed environment, with very few patients who had been quickly sedated or simply invited to be quiet showing any movement during the surgical procedure. 10 patients reported feeling uncomfortable during the operation, leading to a deepening of anesthesia during the intervention to counteract their state of agitation and restlessness. Three months after surgery, an evaluation asking whether the same anesthetic procedure would be acceptable if new surgical intervention was needed indicated a degree of acceptance more than 98%.
Discussion
There are many reports in literature about the validity of GA and LA when performing CEA [5, 6, 10, 11, 12] . Rerkasem and Rothwell [13] undertook a Cochrane Database review analyzing randomized controlled trials (RCTs) and nonrandomized studies comparing CEA under LA vs. GA. They stated that, although there was insufficient evidence from the RCTs, a meta-analysis of the non-randomized studies showed that the use of LA was associated with significant reductions in the odds of stroke, death, stroke or death, MI, and pulmonary complications within 30 days of the operation, although the methodological quality of these nonrandomized trials was questionable.
However, Attigah et al. [14] prospectively evaluated 7102 consecutive patients undergoing CEA. When choosing LA for patients undergoing CEA, altered states of anxiety and mood reduced patients' satisfaction with carotid surgery under LA, thus compromising their suitability for LA. The widely established benefits of CEA performed under LA included awake monitoring, better cerebral autoregulation, higher hemodynamic stability and shorter postoperative recovery, but discomfort on the part of both patient and surgeon appeared to be a major challenge, particularly of eye-opening on request or a progressive loss of consciousness, a 9-Fr Pruitt-Inahara shunt (Le Maitre Vascular, Burlington, MA, USA) was immediately inserted and the patient rechecked to show recovery of consciousness.
At the end of the procedure, the remifentanil was stopped and the endotracheal tube removed.
Surgical procedure
The skin incision was placed at the medial border of the sternocleidomastoid muscle, with ligation of all the crossing vein branches. Preventive clamping of the ICA after intravenous heparinization was followed by rapid and careful dissection of the common and external carotid arteries. The bulb was mobilized only if an eversion technique was to be used. As a preference, extensive endarterectomy of the plaque with a Dacron patch closure was performed, limiting the eversion technique in cases of kinking or coiling. A selective shunt policy was carried out. In all cases, the carotid bulb was infiltrated with 2-3 ml 1% Xylocaine through a short 25 gauge needle to avoid the sinus bradycardia reflex. All surgical data are summarised in Table 3 .
Results
No patients had been lost or had died at the three-month follow-up. Two instances of 30-day mortality (0.32%) from myocardial infarction (MI) were reported. Three more patients (0.48%) suffered an MI with troponin elevation and ECG variations that was treated effectively by medical therapy. Only one major stroke occurred (0.16%), and two patients suffered a minor stroke (0.32%). Eleven patients (1.8%) were submitted to surgical drainage for postoperative hematoma. Eight patients (1.2%) complained of a decrease in voice as a result of laryngeal nerve lesions (checking by an otolaryngologist showed vocal cordal paralysis). A selective shunt was deployed in 83 patients (13.1%). The clamping time was 26±17 min.
In terms of anesthesiological complications, we observed postoperative nausea and vomiting in 31 patients (4.6%). There were no cases of major hemodynamic instability during induction, bradycardia, arterial hypertension or hypotension, or respiratory muscle contraction.
All outcomes are summarized in Table 4 .
Satisfaction questionnaire
All patients who underwent the intervention filled out a questionnaire the day after surgery. In 591 cases (94.6%), Major stroke (n, %) 1 (0.16%) Minor stroke (n, %) 2 (0.32%) Death (n, %) 2 (0.32%) Hematomas (n, %) 11 (1.8%) Cranial nerve injuries (n, %) 8 (1.2%) Nausea/vomiting (n, %) 31 (4.6%) Table 5 . Responses from the satisfaction questionnaire the day after operation Fear (n, %) 6 (0.96%) Weakness (n, %) 4 (0.64%) Helplessness (n, %) 2 (0.32%) Panic (n, %) 3 (0.48%) Anxiety (n, %) 10 (1.6%) Pain (n, %) 9 (1.4%)
Regarding postoperative nausea and vomiting, prophylaxis with 10 mg metoclopramide has, in recent years, reduced the incidence of these complications to just 31 cases (4.6%). The possibility of hemodynamic instability during induction may still be a controversial topic. This anesthetic procedure can show side effects as a result of hemodynamic instability during induction, for example bradycardia and arterial hyper/hypotension, especially in patients taking β-blockers. In our experience, and in accordance with the major series reported in the literature, prompt correction of the hemodynamic parameters was performed without any cardiac or neurological peroperative complications. No patients demonstrated any significant respiratory muscle contraction, but the orotracheal intubation anyway provided protection from the serious major respiratory muscle contractions that can sometimes occur using remifentanil, as has been reported in the literature on patients submitted to LA [21, 22] .
Conclusions
In our opinion, GA using remifentanil to conserve consciousness seems to be a promising option in anesthetic management during CEA, combining the advantages of neurological monitoring in an awake patient, as in LA, and all the advantages of GA, such as cerebral protection during clamping, better airway control and optimal hemodynamic stability. A selective shunt policy, good compliance on the part of both patient and surgeon, a calm environment during the endarterectomy, patching, and hemostasis, avoiding neck movements or patient discomfort, were achieved in all cases. Although there is a need for randomized studies to compare and validate this procedure against the use of LA or GA, our satisfactory experience over six years suggests a worldwide opportunity for GA using remifentanil conscious sedation for CEA to become a new and valid alternative form of treatment.
in any tricky situations, such as a high bifurcation, a hostile neck or a time-consuming operation. The GALA [15] trial did not show a definite difference in outcome between GA and LA for carotid surgery and concluded that the anesthetist and surgeon, in consultation with the patient, should decide which anesthetic technique to use on an individual basis. In the experience of Ferrero et al. [16] , enrolling 428 patients for CEA under either LA and GA, no statistical difference was detected in terms of peroperative neurological and cardiopulmonary complication. The authors concluded that the morbidity and mortality were not influenced by the type of anesthesia used for carotid surgery.
In contrast to using either LA or GA alone, Muchada et al. [17] introduced, in 2001, remifentanil conscious sedation, leading to the possibility of combining the pro and cons of GA and LA. The advantage of this technique was that the duration of anesthesia was not limited, and that adequate ventilation and safe monitoring of neurological status were assured. GA using remifentanil with conserved consciousness combines the major advantages of both GA (good patient tolerance, and safe airway control) and LA (neurological monitoring) [7] . Many reports have now confirmed the safe and efficacious employment of this type of anesthesia. Coppi et al. [18] confirmed that GA using remifentanil was safe, effective and satisfactory. Baldinelli et al. [19] and Bevilacqua et al. [20] reported the same success as in our previous work comparing GA using remifentanil with preserved consciousness vs. LA [7] .
Indeed, our experience with 625 consecutive CEAs suggested that the real efficacy of this type of anesthesia was seen with well-established, standard CEA. Our results are equivalent to the best outcomes of CEA reported in literature, with extreme satisfaction on the part of both the patient, as identified by the questionnaires, and the surgeon. Two 30-day mortality (0.32%), one major stroke (0.16%) and two minor strokes (0.32%) were reported, with an acceptable total stroke/death rate of 0.80%. Almost all patients (>94%) reported satisfaction in their responses to the questionnaire. CEA was carried out in a calm and relaxed environment even in high-risk patients, those with a high bifurcation or those with a lesion widely extending into the ICA. The duration of anesthesia was not limited, and there was adequate ventilation and at the same time maintenance of safe monitoring of the neurological status. This led to precise vascular reconstruction and good hemostasis with a low incidence of postoperative hematoma (1.8%). With a good level of analgesia, the orotracheal tube and the operative position were well tolerated, and airway control was guaranteed, avoiding patient anxiety and stress owing to spending a long time in a fixed position. A selective shunt policy was carried out in all cases, with a shunt being deployed in 83 patients (13.3%). The high incidence of shunt deployment in contrast to other experience reported in medical literature, especially in very old or non-compliant patients, can probably be explained by the fact that that our policy indicates shunt insertion in situations of doubt or difficulty. In our experience, shunt deployment was always easy and safe, without any particular contraindications. In their six-year experience with general anesthesia using remifentanil conscious sedation in patients undergoing carotid endarterectomy (CEA), Marcucci and colleagues report very satisfactory results [1] , highlighting the advantages of both general anesthesia (hemodynamic stability and control of ventilation) and local anesthesia (effective evaluation of neurological status).
Patients undergoing concomitant CEA and coronary artery bypass grafting are at higher risk of perioperative neurologic complications [2] . The abovementioned option in anesthetic management could be very promising in this high-risk patient population and could be tested in a randomized controlled study. Several papers have established the value of direct assessment of central nervous system function and the ability to determine the need for shunt insertion as major advantages of local anesthesia for CEA. Although neurologic function under general anesthesia can be monitored by multiple techniques such as electroencephalogram, somatosensory-evoked potentials, and transcranial Doppler ultrasound, it is well known that clinical evaluation of neurologic status in awake patients is very reliable [3] . Rapid detection of a non-reversible neurologic deficit using this approach provides the opportunity to abandon the coronary artery bypass surgery, on the basis that cardiopulmonary bypass may worsen the neurologic insult.
Regional anesthesia with remifentanil conscious sedation, followed by general anesthesia in combined carotid-coronary surgery, may be an interesting alternative to general anesthesia, allowing neurologic monitoring in patients with severe carotid and coronary artery stenosis.
